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00 o < 00  Hadron Colliders

@ hadrons = composite particles:
- mesons = made of & quark and an antiquark
- baryons = made of 3 quarks

protons are 3-quark baryons + X
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2 TeV

 Cross sections vs energy
e CERNFTMI?HG

i e

Evénts / sec for £ = 10 cmi® sgc™

14 TeV

Couple of hundred
timas more tep !

March 2009 |

| Even more
| Higga!
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cm Charged Hadrons (PPR1l4 TeV) (cm”™-2 s7-1)
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Neutral Hadrons (PP@14 TeV) (cm™-2 s”-1)
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Fixed target geometry

it

Magnet spectrometer’

traget tracking muon filter

. 45!*’. .

beam magnet calonmeter
(dipole)

« Limited solid angle d©} coverage
» rel. easy access (cables, maintenance)



Collider Geometry

“4n multi purpose detector”

1 barrel
endcap endcap

« “full” d0) coverage
» very restricted access



Arrays of sensitive instrumentation
> Million electronic channels each

Muon system

| T

 "Transparent” central tracking in
a magnetic field

* Energy measurement of photons,
electrons and hadrons in the calorimeter

(most particles absorbed)

* Muons measured in the outermost
magnetic spectrometer

* Missing energy (neutrinos) from
measuring everything else




solenoid

A

+ |Large homogenous field inside coil con- s o
- weak opposite field in return yoke e

- Size limited (cost)

- rel. high matenal budget

N

CMS Solenoid

Examples:
« DELPHI: SC, 12T, @52m,L 7.4m
« L3 NC, 0.5T, @11.9m, L 11.9m

+ CMS: SC, 4.0T, ©5.9m, L 12.5m

+ Field always perpendicular to

+ Rel. large fields over large volume
+ Rel. low material budget

- non-uniform field

- complex structure

Example:
« ATLAS: Barrel air toroid, SC,
~1T, @94, L 24 3m

(12



Momentum measurement in B field

e

‘¢4
\*

I
We measure only p-component transverse to B field |

Pr=qgBp — p;(GeV/c)=03Bp (T-m)

i=sixmt/.’2mo:/'2 - amo'BL'B

2p Pr

s=pll-cosaf2) = pa G it
8 Pr

the sagitta s is determined by 3 measurements with error s(x):

o At% olpr )| _o(s) \EU' ® _ \EO' ®)8pr | alp )|  Z00-pr

5= -
= Pr | s s 03.81° Pr | BI?

for N equidistant measurements, one obtains RL Gucksem, Niv 24 (1883) 351)

nEAs.
ol(pr) - O'(x)-pz- 720 (N +4) (for N = ~10)
Pr 03-BL




W‘ slice of a typical detector

. Calorimeter Muon detector
Interaction Tracking system  Alternate layers of
point Magnetized volume Dense absorbers and
& layers of trackers acﬁve medium
k"“-\—
Innermost EM Iayers N
tracking layers Absorber material
use silicon fine sampling Hadromc

layers

Electron

e Experimental signature

of a quark or gluon
Bend angle e momentum

- "Missing transverse energy”
v Vg

Signature of a non-interacting (or weakly
interacting) particle like a neutrino

Puskpa Bhar



The Top Quark

Top decays to a
W boson and a b-quark

Jet l(b)g |

3
Very heavy
(~175 GeV)

Extremely short-
lived!

Lifetime ~ 102 s!

AR

March 2009



Top Quark Decay Modes

March 2009



CDF’s 13t Top Event... (run 1)

Jet2 | Jet 3
Jet }
L‘.- =
-—ff.’_,f’-’-'_::’_
CDF SVX Display ! ff"
24 Sepiember, 1992 Al 7o T
run £40758,. eveni =44414 1 *
e I—’ fr =4 5 mm
f 2 . e
\\\ u‘_, = _.J aun
“Se
’ B : S
g 5 Jet 4
e |

AY M, =170 + 10 GeV/c?



Measuring the Top Quark
( 19§J )epton+jets

Mass

Discriminant variables

02

: 0225
175 02
0.15 0.175
125 0.15
01 0.125
0.1
075 0075
0.05 00
0251 0025
0 0 . |
0 5 100 0 01 02 03 04
xl y )
03 031
025 0251
02 02
0.151 0.151
0.1 0.1
0.05 0.051
0. | 0 |
0 05 1 15 2 0 05 1 15
Thé Discriminants*
DLB
Background

0 02040608 1 0 02040608 I

" Fit mass 2% 150 True mass 20
LA B S B B B B LN B B 0
) ‘H
] :? s W]
1 % )( 2
; Q’ .
18
B I 1<
N 1!
J—ta || Ay
ioﬁt ‘f +Z :6
3 [ & bigd L .
31Events£
: m | e
' ]
:4; + E
b X
AAAAJ;::-
80 120 160 280

0 0]
Fittop quark mass (GeVIc)

Fit performed in 2-D: (D, gy, M)

m, = 173.3 £ 5.6(stat.) £ 6.2 (syst.) GeV/c?

March 2009



2009

CDF-/d 167.4110.31 4.9
D0-/d 168.4112.3£3.6
. . o
COF-Idr 1112127129
. . e ol
DO-| 1747129124
' T

CDF-1H4 1761151153

. '
DOk 180139136

. . nin
CDF-ll 1721209113

\ . s o

DO 4 173.70811.6
®

CDF- 186.0110.0£5.7

, | =g

CDF-1l alk 1748117119

. e

COF-Irk 170.316.2130

'Tevatron March'09 Y 173.1% 0.6)'|_' 1( k

Mass of the Top Quark (*Preliminary)

(stat) + (syst
yFidof = 6.3/10.0 (79%)

I B

150

W 70 180 190 20
Maf‘tﬂjpo&"ewcz)

12



Complicated Collisions
Y

A simulated event In ATLAS (CMS) H — ZZ - dp

,...
S

e ———

pp colfision at Vs = 14 TeV, ¢, = 70 mb <1012

s

We are interested in processes with ¢ =~ 10—100 fb

L=10¥%cm?Zs’,
bunch spacing 25 ns
~ 23 overlapping minimum bias events ;’B’é‘
» 1900 charged + 1600 neutral particlg’s

Brave people have started to
think about a Super LHC upgrade
toL=10%em?st il

25



CMS Experiment

-‘ 40 MHz

COLLISION RATE

100 kHz
LEVEL-1 TRIGGER

1 Terabit/s
(50000 DATA CHANNELS)

500 Gigabit/s

Gigabit/s SERVICE LAN

Detectors

ISinai

Charge Time

Pattern

- Jes

Energy Tracks

16 Million channels
3 Gigacell buffers

1 Megabyte EVENT DATA

200 Gigabyte BUFFERS

500 Readout memories

EVENT BUILDER. A large switching

network (512+512 ports) with a total throughput of
approximately 500 Gbit/s forms the interconnection
between the sources (Readout Dual Port Memory)
and the destinations (switch to Farm Interface). The
Event Manager collects the status and request of
event filters and distributes event building commands
(read/clear) to RDPMs

5 TeralPS
EVENT FILTER. it consists of a set of high

performance commercial processors organized into many
farms convenient for on-line and off-line applications.
The farm architecture is such that a single CPU

|

Computing services

proc one event

Petabyte ARCHIVE
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Dataflow of CDF "Deadtimeless”
Trigger and DAQ

Detector 7.6 MHz Crossing rate
132 ns clock cycle

L1 Storage Levell:
Pipeline: : 7.6 MHz Synchronous pipeli
r . y pipeline
42 Clock [“ trigge J 5544ns latency
Cycles Deep <50 kHz Accept rate
L1 Accept
‘ Y Level 2:
Asynchronous 2 stage pipeline
2 Buffers: .
:'E ut © L2 trigger | ~20us latency
vems 300 Hz Accept Rate
L2 Accept

L1+L2 rejection: 20,000:1

DAQ Buffers

(o)

!

Mass
Storage PJW 10/28/96
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Lo

Silicon

Trigger Architecture

Co Uss Ko m :

Trigger
Framework

L1 Trigger

31 le
10 kHz
L2 Preprocgssors
l
Global L2 Stage
Buffers _
1kHz 4 ; 250kb/evt

==

I L3 Processors




Trigger Elements

o Trigger: reduce inelastic trig rate by 10°
eMaintain Run I eff., accept. for high p, e, jet

SC*

PDTH

MDT [ - |
Combines L1 Objects
into electrons, muons
jets, ....

Looks for E, tracks

consistent with electrons |

muons, jets * Retained from Run I




Note: crates and
cabling retained
from Run I

Event Reconstruction:
Electrons, Jets , Muons,
Topology...
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